The safety index of ether, chloroform and halothane in mice has been determined after administration of each of seven combinations of drugs commonly used in pre-anaesthetic medication. Following hyoscine-morphine and pentobarbitone-atropine the index for ether was significantly higher than that of the control series, whilst following atropine-pethidine it was significantly lower. The index for chloroform was not significantly altered following any of the drug combinations. Following hyoscine-morphinej promethazine-atropine and pentobarbitone-atropine the safety index for halothane was significantly higher than that of the control series. The results are discussed in the light of previous investigation in mice on the effects of premedication when each drug was used alone.
Pre-anaesthetic medication is used chiefly with the object of decreasing anxiety and providing a smoother induction to, maintenance of, and emergence from anaesthesia (Shearer, 1960) . Although many investigations have been reported in recent years involving both subjective and objective responses, clinical impression still governs the selection of most of the pre-anaesthetic substances. The difficulty in quantitating the responses to these drugs is a factor in explaining the paucity of factual data on pre-anaesthetic medications. The very fact that reports appeared referring to some thirty different combinations of drugs for preanaesthetic medication during the period 1961-63 (Goodman and Gilman, 1965) indicates the lack of sound experimental or clinical evidence on which the use of premedication can be based. Dundee and his co-workers, however, embarked on a programme of systematic clinical studies in 1962 which had as its objective the comparative assessment of the pre-operative effects of drugs.
Although the study of laboratory animals cannot provide all the information sought for in relation to drug action in humans, it is thought that quantitative studies made on animals might be of value, at least in indicating which premedicant is safe and which is less safe in respect of different anaesthetics. With this idea in mind, a number of drugs used in premedication have been studied singly in mice and the results were reported by Ghosh and Banerjee (1965) and Singh and Ghosh (1966) .
In the present study seven typical combinations of drugs used in premedication were examined. Morphine, pethidine, pentobarbitone (Nembutal) and promethazine were used with atropine and hyoscine. The merits claimed for the combination of promethazine and pethidine are again based on clinical impression and no scientific proof of its superiority exists (Laurence, 1962) .
METHODS

Determination of safety index.
The safety index, which is the ratio of the volume of anaesthetic producing respiratory arrest to that producing anaesthesia (indicated by the loss of righting reflex), was determined in mice by the method of Ghosh, Srivastava and Ghosh (1962) as modified by Ghosh and Banerjee (1965) .
The method in short is as follows. The apparatus consists of a device for providing a continuous flow of air at a fairly constant rate and for regulating the airflow to any desired level, an anaesthetic container graduated to 0.1 ml and an anaesthetizing chamber consisting of a wide-mouthed colourless £-lb bottle for exposing the mice to anaesthetic vapour. The anaesthetic container was three-quarters filled with the anaesthetic agent and the initial level was noted. The mouse was put inside the anaesthetizing chamber and air was blown through the anaesthetic liquid at a predetermined constant rate. The bottle (anaesthetizing chamber) was rolled slowly on its side to detect the exact time the animal lost its righting reflex (onset of anaesthesia). At this time the air current was stopped momentarily in order to observe the volume of anaesthetic agent consumed. The air flow was restarted and continued until there was complete respiratory arrest. The volume of anaesthetic agent remaining was noted. The ratio obtained by dividing the volume producing respiratory arrest by that causing loss of righting reflex (anaesthesia) provided a measure of the "safety index" of the anaesthetic. The higher the index the safer was the anaesthetic.
A total of 240 male mice weighing between 20 and 30 g was used in the present study. Mean safety index was calculated from 10 mice comprising a group. There were seven combinations of six drugs and each pair was injected intraperitoneally into a group of 10 mice, 30 minutes before the start of the experiment. The dose selected for each drug was guided mainly by that reported by other workers. Some of the doses had also been worked out in this laboratory by methods of trial and error in a number of animals. None of the drugs, when given alone in the dose selected, caused loss of righting reflex or other abnormality before starting anaesthesia. Groups without any premedication served as controls.
The following drugs were used: atropine sulphate (Kausalya Pharmaceuticals), hyoscine hydrobromide (Bengal Immunity), morphine sulphate (Burroughs Wellcome), pethidine hydrochloride (Wilfred Perira), promethazine hydrochloride (Phenergan; May and Baker), pentobarbitone (Nembutal; Abbott), anaesthetic ether (Hyderabad Chemical and Pharmaceutical Works), chloroform B.P. (Henry S. dark Co.), and halothane (Fluothane; ICI).
The drug combinations used as premedicants were: atropine 5 mg/kg and morphine 10 mg/kg; atropine 5 mg/kg and pethidine 50 mg/kg; hyoscine 1 mg/kg and morphine 10 mg/kg; hyoscine 1 mg/kg and pethidine 50 mg/kg; promethazine 4 mg/kg and atropine 5 mg/kg; promethazine 4 mg/kg and pethidine 50 mg/kg; pentobarbitone 12.5 mg/kg and atropine 5 mg/kg.
Statistical analysis.
Significance test for small samples was ascertained according to the method described by Snedecor (1946) .
RESULTS
The results are summarized in tables I-K. The safety index of ether following hyoscine-morphine and pentobarbitone-atropine were significantly higher than that of the control while that following atropine-pethidine was significantly lower. The rest of die premedications did not have any significant effect on the safety index of ether (table I). In the case of hyoscine-morphine an increase in the second volume (the volume necessary to produce respiratory arrest) contributed towards the rise in the index volume, whereas in the case of pentobarbitone-atropine it was the reduction in the first volume (that required to produce loss of righting reflex) that raised the index. In the case of atropine-pethidine, on the other hand, the first volume was higher, resulting in the lowering of index.
The safety index for chloroform, following each combination of premedication was slightly higher than that of the control but in no case was the change statistically significant (table II) .
Following hyoscine-morphine, promethazineatropine and pentobarbitone-atropine the safety index for halothane was in each case significantly higher than that of the control (table HI) . Hyoscine-morphine and promethazine-atropine were associated with increase in the second volume, whereas pentobarbitone-atropine was associated with lowering of the first volume.
DISCUSSION
The aim of the present investigation was to provide some experimental evidence concerning the relative values of some of the premedications currently used in anaesthetic practice. The "safety index" as adopted in this study is certainly not a determination normally associated with clinical anaesthesia. An analogous state may be visualized by considering the ratio of the amount of anaesthetic required to deepen the level of anaesthesia to the end of plane IV, to that needed to reach the beginning of plane I of the stage of surgical anaesthesia. Mice were selected because of economy and the ease with which they can be handled.
The method utilized was simple and differed fundamentally from that used by others in so far as the individual anaesthetic dose (loss of righting reflex) and the individual fatal dose (respiratory arrest) and hence the ratio safety index was measured in each animal. Consequently, fairly precise results could be obtained from a smaller number of anm^ (Ghosh, Srivastava and Ghosh 1962) . The apparatus employed is not suitable for larger animals, like cats or dogs, and cannot be utilized for the study of gaseous anaesthetics such as cyclopropane or nitrous oxide.
The doses of the drugs used for premedication were rather high compared with the doses generally employed in humans. This, however, is not surprising because it is generally believed that human beings are more sensitive to drug effects than laboratory animals and that they require greatly reduced dosage. Carson and Domino (1962) used pentobarbitone in doses of 20-30 mg/kg in mice; a dose as high as 15 mg/kg was found to produce loss of righting reflex in the present series. Again, they used atropine and morphine in doses of 1 mg/kg and 5 mg/kg respectively, whereas the writers used the same in doses of 5 mg/kg and 10 mg/kg respectively. It may be Ghosh and Banerjee (1965) failed to obtain any significant changes in safety index following chloroform and halothane, whilst that for ether was significantly reduced. This proved that the dose of atropine used in the present series was submaximal. Since 10 mg/kg of morphine did not produce loss of righting reflex in our mice this dose was preferred to a subthreshold dose having no effect on the index. Once a positive effect is obtained it is easier to work down with the dose, if required.
It is of interest to consider the results of combined premedications with reference to those obtained following single premedications. The results of the present studies as well as those already reported (Ghosh and Banerjee, 1965; Singh and Ghosh, 1966) are graphically summarized in figures 1-3. The vertical bars above the baseline indicate higher indices compared to control while those below the baseline indicate lower indices. The results following pentobarbitone alone have been adopted from unpublished observations (Singh and Ghosh, 1966) .
It can be seen from figure 1 that the index for ether was significantly lower following either atropine or morphine, but when these were combined the index became higher than control though not significantly so. The index following atropine or atropine-pethidine was significantly lower, while that following pethidine alone was the same as the control value. It appears that pethidine is a safer drug for premedication when used alone than when combined with atropine. The safety index following morphine was significantly low while that following hyoscine was insignificantly raised. The combination of both produced a significantly higher index value. Hyoscine when given alone produced a higher value, but when combined with pethidme this became lower although neither of them were significant. The effect of atropine in lowering the index was well neutralized by the raising effect of promethazine when they were given together. It was observed that there was a lowering of the index, although not to a statistically significant degree, where promethazine was combined with pethidine. There was almost algebraic summation of the effect of the combination of pentobarbitone and atropine.
The safety index for chloroform was lowered by morphine or pethidine premedication but Ghosh and Banerjee (1965) and Singh and Ghosh (1966) . (Nembutal=pentobarbitone.) neutralized or raised when combined with atropine or hyoscine, both of which raised the index when given singly. Curiously enough the effect of pethidine in lowering the index was also neutralized by combination with promethazine, which when given alone produced slight but non-significant lowering. When pentobarbitone and atropine were used the index was almost the same as when each was given alone ( fig. 2 ). In the case of halothane the index was lowered by morphine or pethidine but neutralized when combined with atropine. It is again interesting to note that hyoscine or morphine when given alone lowered the index-which was significantly elevated when the two were combined. The same results were obtained with hyoscine and pethidine but the high index obtained when these were combined did not reach statistical significance. Proncethazine alone lowered the index but when combined with atropine it was significantly raised. When combined with pethidine, which by itself lowered the safety index, the result was near to the control value. Combination of atropine with pentobarbitone was similar to pentobarbitone alone ( fig. 3) .
Without further experimental evidence it is not possible to explain how the combination modifies Values of single premedication were adopted for comparison from Ghosh and Banerjee (1965) and Singh and Ghosh (1966). (Nembutal=pentobarbitone.) the safety indices for different anaesthetic agents compared to the results following administration of single premedicants. No other work on similar lines could be traced in the literature excepting that of Carson and Domino (1962) who used pentobarbitone alone in mice. Although these workers did not report the effect of pentobarbitone on the safety indices for different anaesthetics it was possible to work out the values from their data by dividing the respective mean volumes per cent of ether, chloroform and halothane causing LC 100 by that causing AC 100 , before and after pentobarbitone injections. When compared with the results presented here their values (calculated safety indices) also revealed a rise following pentobarbitone. The degree of rise in the present series with ether, however, was about three times more, with chloroform about three times less, and with halothane about half of their respective calculated figures. Considering that the methods, parameters and strains of mice used by them were entirely different from those used in the present experiments, these variations are not unexpected. The high safety index of ether Safety index for halothane in mice following different premedications expressed as differences from the respective control. Single or double asterisk marks indicate statistically significant or highly significant results. Values of single premedication were adopted for comparison from Ghosh and Banerjee (1965) and Singh and Ghosh (1966) .
(Nembutal=pentobarbitone.) and halothane following pentobarbitone alone in this series was due to reduction in the first volume (induction) and, in the case of ether also, due to increase in the second volume (lethal). Carson and Domino (1962) , however, observed a synergistic effect of pentobarbitone on the anaesthetic concentration of ether, chloroform and halothane but no significant effect on their lethal concentration.
In table IV the premedicants have been ranked in order of safety with respect to different anaesthetics. In general pentobarbitone-atropine or pentobarbitone alone appeared to be the safest premedicant, the next being hyoscine-morphine. It is interesting to note that chloroform and halothane, both containing halogen in their molecules, present almost similar ranking order.
From the studies of the safety index on mice, it appears that for sedative premedication pentobarbitone is the best, when ether, chloroform, or halothane is to be used. If an analgesic is to be administered morphine-hyoscine appears to be the best combination. An anticholinergic drug is best given in combination rather than singly and the choice falls first on atropine-pentobarbitone followed closely by hyoscine-morphine.
These results, being concerned with specific pharmacological effects, cannot be extrapolated to clinical practice by any stretch of imagination without having knowledge of similar studies on other species.
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